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Standard ISOLDE target unit with surface ion source

𝑖 = Φ. 𝜎.𝑁. 𝜀𝑡𝑎𝑟𝑔𝑒𝑡 . 𝜀𝑠𝑜𝑢𝑟𝑐𝑒 . 𝜀𝑠𝑒𝑝. 𝜀𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡

Intensity (ion/sec)

Flux (ion/sec)

Cross section (cm2)

Number of target nuclei (cm-2)

Efficiencies

TISD projects

Primary beam

Ions
Radioisotopes
Primary beam

Animation courtesy of M. Delonca

ISOLDE

*nuclide chart from Nucleonica

*J. Ballof, ISOLDE database yields

*Image courtesy of J. Pedro Ramos

29/7/2018 Ferran Boix Pamies - Students' Coffee



Introduction/Context

• High power target for exotic species

Concept scheme, E. Noah et all, EURISOL-DS
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Concept Prototype Offline commissioning Online tests

𝑖 = Φ. 𝜎. 𝑁. 𝜀𝑡𝑎𝑟𝑔𝑒𝑡. 𝜀𝑠𝑜𝑢𝑟𝑐𝑒 . 𝜀𝑠𝑒𝑝. 𝜀𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡

Possible update parameters of the proton beam sent 
to ISOLDE, R. Catherall et al 2017.

 Lanthanum eutectic + SnCl molecular beam:
Towards 100Sn beams at HIE-ISOLDE
T. Stora et al., EMIS 2018

Long tradition of 
operation of molten 
targets at ISOLDE 



• LIEBE: LIquid Eutectic lead Bismuth for Eurisol
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• Target material: LBE

• Operational temperature: [200-600]°C

• Targeted isotope: 177Hg (130ms half-life)

Introduction/Context

Images from Melanie Delonca CERN Ph.D thesis

• LBE Velocity preferred: 2 m/s        Q=0.13 l/s

• Ø0.4 mm droplets          factor 5 more release

Concept



LIEBE prototype design & completed assembly
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• The target:
• Compatible with existing target handling at ISOLDE

Chimney

Concept Prototype



LIEBE prototype design & finished assembly
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• The EM pump:

Dedicated trolleyMagnetic wheel Alignment tableCoupling rails

• Double Hallbach array 
axisymmetric

• P=2,2kW , B=1,1T

Concept Prototype



Offline commissioning: Flow assessment
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• Test objectives:
• Operate in the absence of cavitation

• Reach the desired flow for release optimization 
(0,13L/s)

Increased diameter: Ø10mm           Ø16mm

Flow assessment in previous tests at IPUL

Concept Prototype Offline commissioning

Screenshot of the tests setup
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• Results:
• Drift observed between measurements due to clogging of the sensors

• LBE oxide formation in contact with air

Offline commissioning: Flow assessment
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Offline commissioning: Alignment/vibration tests

• Vibration tests:
• Check vibration transmission
• Evaluate the level of vibration for each rotational frequency 

Empirically measured maximum distances 
in case of perfect alignment

Test setup after alignment

Concept Prototype Offline commissioning



Offline commissioning: Alignment/vibration tests
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Rotor Fr= 20Hz Rotor Fr= 40Hz

• Good/satisfactory levels for 
operational frequencies of LIEBE

• Addition of an accelerometer to 
monitor the vibration throughout 
operation with LBE

• Results:
• Sudden vibration increase due to natural resonant 

frequencies

Concept Prototype Offline commissioning
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• Leak emergence:
• Appropriate vacuum level with cold 

target

• Leak appearing when heating up the 
ion source to 1700 ºC

Offline commissioning: Leak issue
Concept Prototype Offline commissioning



Offline commissioning: Remaining tests

• Full operation of the loop with molten LBE in an 
offline mass separator:
• Thermal control 

• Safety measures:

• Pressure sensor

• Accelerometer

• Mass scans
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Operational review

Concept Prototype Offline commissioning Online tests



Conclusions
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• Prototype and offline commissioning:

• Flow developed by the EM pump : within 
specification

• Vibration : within specification

• Target handling & optimization : within specification

New base design for leak-tight confinement vessel

• Remaining full operational tests in an offline 
separator

• Online tests foreseen for the last run at ISOLDE
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Backup slides



The main loop part
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• Filling tank
• Heat Exchanger (HEX)
• Irradiation & diffusion chamber
• Hypertaks/feedthroughs

• Water connectors
• Electrovalves
• Bellows
• Extraction line and ion source -> standard VADIS ion source 



LIEBE: Heat Exchanger
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Offline commissioning: Leak issue
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• Attempts to solve it:
• Increasing sealing pressure

• Shielding the ion source

• Only able to operate the source up to 1900 ºC



Offline commissioning: Alignment/vibration tests
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• Alignment tests:
• Cylinder axis and pump axis are on the same line within 0.1mm

Best fit distances between EM pump and target

Measurement of the EM pump axis
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Offline commissioning: Alignment/vibration tests
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Offline commissioning: Alignment/vibration tests
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Displacement Power Spectral Density comparison, Rotor Fr=30Hz, EM Wheel Fr= 4,11Hz direction +Y

• Results:



Offline commissioning: Alignment/vibration tests
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Displacement Power Spectral Density comparison, Rotor Fr=20Hz, EM Wheel Fr= 2,75Hz direction +Z



Offline commissioning: Alignment/vibration tests
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Displacement Power Spectral Density comparison, Rotor Fr=30Hz, EM Wheel Fr= 4,11Hz direction +Z



Offline commissioning: Alignment/vibration tests
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Displacement Power Spectral Density comparison, Rotor Fr=40Hz, EM Wheel Fr= 5,48Hz direction +Z


